1 Outline of the digest version of guidelines on the use of iodinated contrast media in patients with kidney disease
Purpose of the guidelines
Diagnostic imaging using iodinated contrast media is an essential procedure in the clinical setting, and provides a large amount of beneficial information. However, the use of iodinated contrast media may cause contrast-induced nephropathy (CIN) in patients with chronic kidney disease (CKD), and guidelines on the use of contrast media in this patient population have long been awaited. Although international societies such as the European Society of Urogenital Radiology (ESUR) and the American College of Radiology (ACR) have published guidelines on this matter, no guidelines have been proposed in Japan. Therefore, the Japan Radiological Society (JRS), the Japanese Circulation Society (JCS), and the Japanese Society of Nephrology (JSN) decided to collaborate to establish guidelines on the use of iodinated contrast media in patients with kidney disease. The aim of the guidelines is to ensure the prevention of kidney injury induced by iodinated contrast media by promoting the appropriate use of contrast media and the standardization of kidney function testing in patients undergoing contrast radiography. The target audience of the present guidelines includes physicians who are using contrast media and physicians who order contrast radiography, as well as other healthcare professionals such as radiation technologists and nurses involved in contrast radiography.
The present guidelines have been prepared to provide recommendations for patients with CKD who are at high risk for developing CIN.
The classification of CKD is evaluated on the basis of the cause, kidney function (glomerular filtration rate [GFR] ), and presence and severity of albuminuria, patients with CKD may include those in CKD stages G1 and G2 with a GFR of C60 mL/min/1.73 m 2 . However, readers should be aware that patients with CKD are defined as those with a GFR of \60 mL/min/ 1.73 m 2 in the present guidelines.
A cautionary note on the use of the present guidelines
The present guidelines have been prepared for use according to the National Health Insurance (NHI) regulations in Japan. The present guidelines provide direction on using contrast media in the clinical setting. Physicians have the final responsibility to maximize the benefits for their patients by deciding, on the basis of their patients' physical and pathological conditions, whether contrast media should be given and whether measures to prevent CIN are necessary. Any use of contrast media that is not consistent with the present guidelines reflects the decisions made by the attending physicians on the basis of conditions specific to their patients, and their decisions should be prioritized. The present guidelines do not provide any legal basis for prosecuting physicians who do not use contrast media according to the guidelines.
Selection of literature, levels of evidence, and grades of recommendations
The present guidelines were prepared according to the procedures proposed by the Medical Information Network Distribution Service (Minds) of the Japan Council for Quality Health Care. The guideline writing committee selected a total of 9 themes regarding CIN. Working groups for the 9 themes, each of which consists of at least 1 representative from 1 of the 3 societies, drafted clinical questions (CQs) for the relevant theme, and selected the CQs to be addressed in the guidelines by using the Delphi method.
The working groups addressed the CQs by critically reviewing literature published from 1960 to August 31, 2011 by using major literature databases (e.g., PubMed, MEDLINE, the Cochrane Library, and the Japana Centra Revuo Medicina [Ichushi] ). All documents used as evidence are listed with a level of evidence, and a table of abstracts was prepared (not included in the digest version).
The level of evidence and the grade of recommendation were assigned to the answers to CQs.
The levels of evidence and grades of recommendation are as follows: Level of evidence Level I: Data obtained from a systematic review or a meta-analysis of randomized clinical trials Level II: Data obtained from at least one randomized comparative clinical trial Level III: Data obtained from non-randomized comparative clinical trials Level IVa: Cohort studies Level IVb: Case-control studies, or cross-sectional studies Level V: Case reports, or case series Level VI: Opinions of special committees or specialists with no basis of patient data Grade of recommendation Grade A: A given treatment or procedure is recommended based on robust scientific evidence Grade B: A given treatment or procedure is suggested based on scientific evidence Grade C1: A given treatment or procedure may (/might) be considered although scientific evidence is not available Grade C2: A given treatment or procedure may (/might) be not considered because scientific evidence is not available Grade D: A given treatment or procedure is not recommended because scientific evidence indicating the inefficacy or harm of the treatment/procedure is available
The Delphi method was used to finalize the answer to each CQ and determine its grade of recommendation. The reader should give a higher priority to the grade of recommendation of the answer than to the level of evidence. The grade of recommendation has been decided not only based on the level of evidence, but also on the quality and clinical significance of the evidence, extent and conclusions of data on harmful effects and cost effectiveness, depth of coverage by the NHI system, and availability in Japan.
Independent assessment
The present guidelines were reviewed by the independent assessment committee consisting of 3 representatives each from the JSN, JRS, and JCS. The final draft of the guidelines was published on Web pages of the 3 societies along with a request for public comments. The guideline writing committee discussed the comments, used them to revise the guidelines when appropriate, and finalized the guidelines.
Future plans
After the publication as a printed book from Tokyo Igakusha, the Japanese version of the guidelines will be published in the Japanese Journal of Nephrology, and as a JCS guideline document, and then will be published on-line on the Web sites of the member societies. An English version will be prepared and published on the English journals of member societies. The guidelines will also be published on the Minds of the Japan Council for Quality Health Care.
The full and digest versions of the guidelines are planned to be revised every 5 years. A new writing committee will be established by representatives of member societies to maintain unbiased appropriate guidelines.
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Digest version
The digest version does not contain the abstract table. The body texts such as background were deleted or modified to simplify the document. All tables and figures of the full-text version are used in the digest version. Additional tables were prepared to summarize the body text (see Appendix). The reader should refer to the full-text version to understand the guidelines in depth.
2 Definition of contrast-induced nephropathy
CQ 2-1 What is the definition of CIN?
Answer: CIN is defined as an increase in serum creatinine (SCr) levels by C0.5 mg/dL or C25 % from baseline within 72 h after a contrast radiography using iodinated contrast media.
Rationale CQ 2-1
Because the risk for developing CIN increases as kidney function decreases, it is important to evaluate kidney function on the basis of the latest SCr levels prior to contrast radiography. According to the classification of the severity of CKD, which is based on the cause, GFR, and presence and severity of albuminuria (Table 1) [1] , patients with a GFR of \60 mL/min/1.73 m 2 (G3a-G5) are considered to have CKD in this guideline. In another words, CKD is also diagnosed in patients with a GFR of C60 mL/ min/1.73 m 2 and albuminuria, in the present guidelines only patients with a GFR of \60 mL/min/1.73 m 2 are defined as having CKD.
The following formula is used to calculate estimated GFR (eGFR).
How to estimate GFR in Japanese individuals over 18 years of age eGFRcreat (mL/min/1. CIN is a form of acute kidney injury (AKI) that occurs after exposure to iodinated contrast media, and is diagnosed on the basis of reducing kidney function after contrast radiography when other causes such as cholesterol embolism are ruled out. AKI due to CIN is generally reversible. Usually, SCr levels increase to a peak 3-5 days after onset, and return to normal in 7-14 days. However, kidney injury may worsen to the point that hemodialysis is required in some patients. The criteria for the diagnosis of CIN used in clinical research of this condition vary among studies. The minimum increment of SCr levels that defined CIN included 0.5 mg/dL, 1.0 mg/dL, and 25 % or 50 % from baseline, and the duration of monitoring for CIN included 24 h, 48 h, 72 h, 4 days, and 7 days after contrast radiography. The most commonly used criteria for CIN in clinical research is an increase in SCr levels by C0.5 mg/dL or C25 % from baseline within 72 h after contrast radiography. However, physicians in the clinical setting should not wait for 72 h, and should start close monitoring of SCr levels from an early stage when CIN is suspected. The incidence of CIN, and clinical characteristics such as patients' baseline kidney function, vary depending on the criteria used for diagnosis. Standardized diagnostic criteria are necessary to promote clinical research of this condition and develop preventive procedures.
Definition and Severity Classification of Acute Kidney Injury
CIN is a form of AKI. The RIFLE (Risk, Injury, Failure, Loss of kidney function and End stage kidney disease) and AKIN (Acute Kidney Injury Network) classification are used as the international diagnostic criteria of AKI. Both methods assess severity based on the extent of decrease in kidney function (e.g., SCr, eGFR) and urine volume. However, most commonly CIN manifests as a non-oliguric. For this reason, CIN is defined as an increase in SCr levels in the present guidelines. -Because Scys levels are less affected by muscle mass, diet, and physical activity, it is considered that they are useful when estimating GFR by SCr levels are difficult.
How to
Patients with low muscle mass (e.g., quadruple amputee, prolonged bed rest, emaciation)
Patients with large muscle mass (e.g., athletes, elderly who take regular exercise) -Other factors reportedly affecting Scys levels are pregnancy, HIV infection, thyroidal dysfunction. However, it is not clear whether pharmacologic therapy and others affect Scys levels or not. In 2006, the CIN Consensus Working Panel reported that CKD (eGFR \60 mL/min/1.73 m 2 ) is the most important risk factor to predict the risk of CIN in patients receiving iodinated contrast media [2] . In a study of CIN after percutaneous catheter interventions (PCI), the incidence of CIN was significantly lower in patients without CKD (13.1 %, 688/5,250 patients) than in those with CKD (eGFR\60 mL/ min/1.73 m 2 , 19.2 %, 381/1,980 patients) [3] . A retrospective analysis of the Mayo Clinic PCI registry revealed that among patients with baseline SCr levels \2.0 mg/dL, the risk of AKI was higher among diabetic than nondiabetic patients, whereas among those with baseline SCr levels of C2.0 mg/dL, all had a significant risk of AKI [4] .
Weisbord et al. [5] reported that the risk of CIN among outpatients after computed tomography (CT) with intravenous iodinated contrast media increased significantly among those with an eGFR of \45 mL/min/1.73 m 2 , and Kim et al. [6] reported that the incidence of CIN after contrast-enhanced CT was 0 % among patients with a baseline eGFR of 45-59 mL/min/1.73 m 2 , 2.9 % among those with 30-44 mL/min/1.73 m 2 , and 12.1 % among those with \30 mL/min/1.73 m 2 . The guidelines on CIN published by the Contrast Media Safety Committee of the ESUR describe that the risk for CIN is lower with intravenous than with intra-arterial imaging with iodinated contrast medium, that an eGFR of 45 mL/ min/1.73 m 2 is a CIN risk threshold for the use of intravenous contrast media, and that measures to prevent CIN such as hydration with either normal saline or isotonic sodium bicarbonate are preferable for patients with an eGFR of \45 mL/min/1.73 m 2 as a measure to prevent CIN [7] . While an eGFR of \60 mL/min/1.73 m 2 is an established risk factor for the development of CIN in diabetes, diabetes is also considered to be a risk-enhancing factor. The risk for development of CIN is increased when patients with CKD also have diabetes [8] .
In a study on CIN risk after coronary angiography (CAG), only patients with pre-existing CKD alone or combined with diabetes were at a higher risk for CIN [9] . In a study of CIN in patients with diabetes, CKD, or both, the risk increased in patients with both diabetes and CKD, but did not increase in patients with diabetes, or patients with CKD [10] . In a metaanalysis of pooled individual patient data (n = 2,727) from 16 randomized controlled trials (RCTs) in which patients received either the iso-osmolar contrast media (iodixanol) or low-osmolar contrast media, the independent predictors of CIN included CKD, CKD plus diabetes, and the use of lowosmolar contrast media [11] .
Many studies have reported that aging and diabetes may increase the risk for the development of CIN. In a cohort study of 3,036 patients with baseline SCr levels (\1.5 mg/ dL) who did not receive prophylaxis while undergoing PCI, CIN occurred in 7.3 % of patients [12] . Risk factors for CIN included age (odds ratio [OR] 6.4, 95 % confidence interval [CI] 1.01-13.3), female sex (OR 2.0, 95 % CI 1.5-2.7), an abnormal left ventricular ejection fraction (LVEF) of \50 % (OR 1.02, 95 % CI 1.01-1.04), the presence of anemia with hemoglobin levels of \11 mg/dL (OR 1.5, 95 % CI 1.01-2.4), and systolic hypotension with blood pressure of \100 mmHg (OR 1.5, 95 % CI 1.01-2.2). Patients with diabetes who were receiving insulin therapy were at the highest risk compared with similar patients receiving oral antihyperglycemic agents and diet control.
In an observational study, CIN developed in 15.44 % of 136 patients who underwent CAG and measures to prevent CIN. The risk factors that seemed to display the best correlation with the risk of CIN were advanced age and heart failure (LVEF \40 %). The concomitant presence of heart failure, anemia, diabetes, previous myocardial infarction, and advanced age ([70 years) was associated with a threefold increased risk of CIN [13] . There is no evidence that the use of RAS inhibitors increases the risk for developing CIN.
The results of observational studies on the effects of RAS inhibition on the risk of CIN have been inconsistent [14, 15] , but some nephrologists have suggested that RAS inhibition may increase the incidence of CIN. In a RCT to evaluate the effect of discontinuing RAS inhibitors prior to exposure to radiographic contrast media, there was no statistically significant difference in the incidence of CIN between those patients discontinuing RAS inhibitors and those continuing treatment [16] . This finding does not support the discontinuation of RAS inhibitors prior to exposure to contrast media. The Society for Cardiovascular Angiography and Interventions (SCAI) recommended that RAS inhibitor therapy may be continued, but neither initiating treatment nor enhancing the dose should be considered [17] .
3.5 CQ3-5 Does the use of diuretics increase the risk for developing CIN? Answer: We consider not to use diuretics, especially loop diuretics, which increases the risk for developing CIN.
Level of Evidence: II Grade of Recommendation: C2

Rationale CQ3-5
It has been reported that treatment with loop diuretics to prevent CIN increased the incidence of CIN [18] . Diuretics should be discontinued before exposure to radiographic contrast media when clinically feasible [17] . Loop diuretics increase the incidence of CIN even in patients without dehydration. In a study in which patients received hydration with 0.45 % saline, or 0.45 % saline plus loop diuretics, the incidence of CIN was significantly higher in those receiving loop diuretics than in those receiving saline alone [19] .
Recently, two RCTs have reported that the incidence of CIN decreased significantly in patients receiving a combination of aggressive saline infusion and furosemide through devices that balanced high urine output and venous fluid infusion to maintain a urine output of 300 mL/h (see ''Prevention of contrast-induced nephropathy: fluid therapy'') [20, 21] Although an observational study showed that the development of CIN is more frequently observed in patients taking NSAIDs [22] , there is no direct evidence indicating an association between NSAIDs and CIN. Patients receiving NSAIDs should discontinue them 24 h before, and not renew treatment till 24 h after, contrast radiography [17, 23] .
3.7 CQ3-7 Does the use of iodinated contrast media increase the risk of lactic acidosis in patients receiving biguanide antihyperglycemic drugs? Answer: Biguanide antihyperglycemic drugs increase the risk of developing lactic acidosis when a transient decrease in kidney function occurs after the use of iodinated contrast media. Appropriate measures, such as a temporary suspension of biguanides before the use of iodinated contrast media, are considered for most patients excluding those who undergo an emergency procedure. Lactic acidosis is one of the most serious adverse drug reactions to biguanide antihyperglycemic drugs. Although the incidence is very low, the prognosis of lactic acidosis is poor and mortality is high. Conditions that may lead to lactic acidosis include kidney diseases (as biguanides are excreted unchanged through the kidneys, biguanide concentration in the blood may increase in patients with kidney dysfunction), liver disease (hepatic dysfunction decreases lactic acid metabolism in the liver), heart failure, myocardial infarction, and respiratory failure (hypoxemia may occur and accelerate anaerobic glycolysis, which increases the production of lactic acid). In Japan, biguanides are contraindicated for patients with a high risk for developing lactic acidosis. Currently, the risk for lactic acidosis due to biguanides is very low when these drugs are used according to the approved indications.
However, when patients receiving biguanides develop AKI due to the use of iodinated contrast media, renal excretion of biguanides may decrease and lactic acidosis may develop. There have been reported cases of biguanideassociated lactic acidosis occurring after AKI due to the use of iodinated contrast media in patients with conditions known to increase the risk of lactic acidosis [24, 25] . Reviews of case series of CIN in patients receiving biguanides have been published [26] [27] [28] .
Guidelines published in Western countries recommend measures be taken for patients receiving biguanides who are going to use iodinated contrast media. Although the recommended measures vary among guidelines, most guideline documents do not recommend the suspension of biguanides in patients with normal kidney function before the use of iodinated contrast media [29] [30] [31] ( Table 2 ).
The second paragraph of the ''Important Precautions'' section of the package inserts for biguanides in Japan describes that ''Because patients receiving biguanides may develop lactic acidosis after the use of iodinated contrast medium, treatment with biguanides should be suspended before contrast radiography (except for patients requiring emergency radiography)''. Treatment with biguanides should not be resumed during the 48 h after the use of iodinated contrast media. Physicians should carefully observe patients when treatment with biguanides is resumed. The ''Recommendations for Appropriate Use of Biguanides'' published on February 1, 2012 by the committee on appropriate use of biguanides (available in Japanese at the Web sites of the Japan Diabetes Society [http://www.jds.or.jp/] and the Japan Association for Diabetes Education and Care [http://www. nittokyo.or.jp/]) describe that kidney dysfunction is common among patients with lactic acidosis associated with the use of biguanides, and attention should be given to the risk for an acute exacerbation of kidney dysfunction after the use of iodinated contrast media in patients receiving biguanides. Accordingly, the present guidelines recommend that patients using biguanides should discontinue the drugs prior to the use of iodinated contrast media, except for cases requiring emergency contrast radiography, and should undergo other appropriate measures to prevent CIN. The development of CIN may adversely affect the vital prognosis of patients with CKD, and the prognosis of CKD patients with CIN is poor. However, it is unclear whether CIN is a factor that defines or predicts the prognosis.
Level of Evidence: IVa Grade of Recommendation: Not applicable
Rationale CQ3-8
Although it is believed that CIN is transient and kidney function recovers in most patients, many reports described that the development of CIN affects vital prognosis [3, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
In a prospective study of 78 patients with CKD who underwent CAG, mortality at 5 years of follow-up were significantly higher among the 10 patients who developed reversible AKI (90 %) as compared with the 68 patients who had irreversible AKI (32 %) [32] . In a retrospective case-matched cohort study of 809 patients who developed CIN after CT, CT angiography (CTA), angiography, contrast venography, or cardiac catheterization (53 % of them received intravenous contrast media), and 2,427 patients who did not develop CIN after contrast exposure, 1-year mortality was significantly higher in patients with CIN (31.8 %) than in those without CIN (22.6 %) [33] . In a study of the effects of CIN after the use of ioxaglate on the morbidity and mortality of 439 patients undergoing PCI, the cumulative 1-year mortality was significantly higher in the 161 patients with CIN (37.7 %) than in the 278 patients without CIN (19.4 %) [34] . In a study of 338 consecutive patients with acute coronary syndrome undergoing emergency PCI, the in-hospital mortality was significantly higher in the 94 patients with CIN (9.6 %) than in the 244 patients without CIN (3.3 %) [35] .
Although it is believed that the incidence of CIN is lower in patients receiving contrast media intravenously than in those receiving it intra-arterially, few reports have described the incidence of CIN and its effect on vital prognosis in patients receiving intravenous contrast media, and no consensus has been achieved regarding the difference in CIN incidence by route of administration [42, 43] .
In a study of 421 patients with eGFR of \60 mL/min/ 1.73 m 2 who underwent contrast-enhanced CT with intravenous iodinated contrast media, no significant correlation was observed between the incidence of CIN and the 30-day mortality [5] . In a 1-year retrospective review of 1,184 trauma patients who received intravenous contrast media, the inhospital mortality was significantly higher in the 78 patients with CIN (9.0 %) than in those without CIN (3.2 %), but a logistic regression analysis revealed no significant correlation between the in-hospital mortality and CIN [44] . In a study of 139 patients undergoing contrast-enhanced CT in an intensive care unit (ICU) setting, the ICU mortality and in-hospital mortality in the 16 patients with CIN (31 and 50 %, respectively) tended to be higher than those in the 123 patients without CIN (13 and 26 %, respectively), but no statistically significant differences in these variables were observed Clin Exp Nephrol (2013) 17:441-479 449 Table 2 Comparison of guidelines on the use of iodinated contrast media in patients with diabetes who are receiving biguanide antihyperglycemic drugs (p = 0.068 and p = 0.074, respectively) [45] . All these reports pointed out that the small sample sizes limited the statistical power. Further studies are awaited. Although, as listed earlier, many reports have described a relationship between CIN and vital prognosis, it is unclear whether CIN defines prognosis (i.e., the occurrence of CIN worsens vital prognosis) or predicts prognosis (i.e., CIN occurs in patients with poor vital prognoses).
3.9 CQ3-9 Does the use of contrast media increase the risk of a decline of residual kidney function in patients undergoing peritoneal dialysis?
Answer:
Although the use of contrast media may be a risk factor for a decline of residual kidney function in patients undergoing peritoneal dialysis, it has been reported that radiography using only 100 mL of a contrast medium does not affect residual kidney function when urine output is maintained adequately.
Level of Evidence: IVa Grade of Recommendation: Not applicable
Rationale CQ3-9
Only a few reports have been published regarding the effect of iodinated contrast media in patients receiving peritoneal dialysis who have some residual kidney function. It has been reported that the use of approximately 100 mL dose of contrast media did not decrease residual kidney function in patients undergoing peritoneal dialysis with a creatinine clearance (CCr) of 4.4-7.0 mL/min/1.73 m 2 compared with the control group [46, 47] . Urine volume had a range of 1,300-1,800 mL/ day in many patients enrolled in these studies. It is unclear why the use of contrast media did not deteriorate kidney function in these patients with severe kidney dysfunction (CKD G5). Further studies should be conducted to clarify exact reasons, e.g., maintenance of urine volume, slow removal of contrast media through peritoneal dialysis, or alkalemia frequently observed in patients undergoing peritoneal dialysis. Little evidence has been obtained regarding the effect of contrast media in patients with a urine volume of \1,000 mL/day. Further studies should be conducted to investigate the effects of contrast media in patients with a CCr of \4.0 mL/min/ 1.73 m 2 or in those with less residual kidney function, and to specify the tolerable volume of contrast media for patients with different residual kidney function.
3.10 CQ3-10 Are risk scores useful as predictors of developing CIN? Answer: Although it has been reported that risk scores are useful as predictors of developing CIN, their use has not been investigated prospectively. It is inappropriate to recommend the use of risk scores at the present time.
Level of Evidence: IVa Grade of Recommendation: Not applicable Rationale CQ3-10
A study has reported that the risk of developing severe kidney dysfunction after PCI in patients not undergoing dialysis may be predicted with a risk scoring system (Table 3 ) [48] .
However, because this risk scoring system has not been investigated prospectively, some specialists have pointed out the inappropriateness of using this scoring system in the clinical setting [8] .
It has been reported that the risk for developing CIN and the risk of requiring dialysis in patients after PCI may be predicted with a risk scoring system [49, 50] . The risks of CIN and of requiring dialysis reported in a study were 7.5 and 0.04 % among patients with a score of B5; 14.0 and 0.12 % among patients with a score of 6-10; 26.1 and 1.09 % among those with a score of 11-16; and 57.3 and 12.6 % among those with a score of [16, respectively (Table 4 ) [49] . CHF congestive heart failure, CIN contrast-induced nephropathy, eGFR estimated glomerular filtration rate, IABP intra-aortic balloon pumping, SCr serum creatinine The volume of contrast media is a risk factor for developing CIN. We recommend that the volume of contrast media should be the minimum necessary to obtain adequate radiographs.
Level of Evidence: II Grade of Recommendation: A Rationale CQ4-1
In a study investigating the effect of the volume of contrast media on the incidence of CIN, Cigarroa et al.
[51] used the following formula to calculate a ''contrast material limit'' in patients with kidney disease: contrast material limit = ([5 mL of contrast per 1 kg] 9 body weight [kg])/SCr (mg/dL). However, the maximum volume of contrast is 300 mL, even when the calculated limit exceeds 300 mL. For example, the contrast material limit for a patient weighing 50 kg with a SCr of 1.0 mg/dL is 250 mL (5 mL/kg 9 50 kg/L), while that for a patient weighing 70 kg with a SCr of 1.0 mg/dL is 300 mL, rather than 350 mL (5 mL/kg 9 70 kg/L).
In this study, 115 patients with kidney dysfunction underwent cardiac catheterization and angiography, and the amount of contrast media that was given adhered to the limit in 86 patients and exceeded it in 29 patients. The incidence of CIN was significantly higher in the latter patients (21 %, 6/29 patients) than in the former patients (2 %, 2/86 patients).
In a study of 391 patients who underwent PCI, the independent predictors of CIN were the volume of contrast media, eGFR, LVEF, and cardiogenic shock [52] . The risk of CIN was 25 % among patients with a contrast medium dose-to-eGFR ratio (gram-iodine/eGFR) of C1, which was significantly higher than that in those with a gram-iodine/ eGFR of \1 (3 %).
A study of patients undergoing PCI investigated the effects of contrast volume on the incidence of AKI, defined as a C0.3 mg/dL or C50 % increase in SCr levels from baseline, in subgroups of patients stratified according to categories in which 1.0 represents the ''maximum allowable contrast dose'' (MACD; calculated by using the formula described earlier The incremental use of contrast is associated with an increased risk of AKI.
In a study of 421 patients who underwent contrastenhanced CT with intravenous iodinated contrast media, Weisbord et al. [5] reported that the use of [100 mL of contrast media was associated with an increased risk of CIN (OR: 3.3, 95 % CI 1.0-11.5).
4.2 CQ4-2 Is the risk for developing CIN lower in patients receiving low-rather than high-osmolar contrast media? Answer: Patients with a high risk for developing CIN should receive low-osmolar contrast media, which are less associated with CIN as compared with high-osmolar contrast media. In Japan, high-osmolar contrast media are not indicated for intravascular use.
Level of Evidence: II Grade of Recommendation: Not applicable
4.3 CQ4-3 Does the risk for developing CIN differ between iso-and low-osmolar contrast media? Answer: There has been no definite conclusion as to whether the risk of CIN differs between iso-and low-osmolar contrast media. There has been no definite conclusion as to whether the incidence of CIN differs among different low-osmolar contrast media.
Level of Evidence: II Grade of Recommendation: Not applicable Rationale CQ4-2~4-4
In a meta-analysis of 31 studies, that the pooled odds of CKD (defined as a rise of SCr levels of more than 44 lmol/ L) with non-ionic low-osmolar contrast media was 0.61 (95 % CI 0.48-0.77) times that of ionic high-osmolar contrast media [54] . In Japan, ionic high-osmolar contrast media are no longer indicated for intravascular use since February 2001.
In a randomized double-blind prospective multicenter study comparing the nephrotoxic effects of an iso-osmolar contrast medium (iodixanol) with those of a low-osmolar contrast medium (iohexol) in 129 patients with diabetes with a SCr level of 1.5-3.5 mg/dL who underwent coronary or aortofemoral angiography, 2 of the 64 patients in the iodixanol group (3.1 %) had an increase in their SCr levels of 0.5 mg/dL or more, as compared with 17 of the 65 patients in the iohexol group (26.2 %) (p = 0.002), suggesting that CIN may be less likely to develop when an iso-osmolar contrast media is used rather than when a low-osmolar contrast medium is used [55] . However, in a multicenter, randomized, double-blind comparison of the low-osmolar contrast medium (iopamidol) and the isoosmolar contrast medium (iodixanol), the incidence of CIN was not statistically different after the intra-arterial administration of iopamidol or iodixanol to high-risk patients [56] . In a meta-analysis of 25 RCTs, iso-osmolar iodixanol did not significantly reduce the risk of CIN (relative risk [RR] 0.80, 95 % CI 0.61-1.04) [57] . However, in patients with intra-arterial administration and kidney dysfunction, the risk of CIN was lower for isoosmolar iodixanol than for low-osmolar iohexol (RR 0.38, 95 % CI 0.21-0.68), whereas there was no difference between iodixanol and the other (non-iohexol) lowosmolar contrast media (RR 0.95, 95 % CI 0.50-1.78). These findings suggest that the risk of CIN differs among low-osmolar contrast media. Alternatively, it is reported that the risk for developing CIN after coronary intervention is higher when patients at high risk for developing CIN receive iso-osmolar iodixanol compared to receiving low-osmolar ioxaglate or iohexol [58] . Table 5 lists guidelines regarding CIN published in Western countries [7, [59] [60] [61] . The ESUR Contrast Media Safety Committee guidelines updated in 2011 recommend the use of low-or iso-osmolar contrast media [7] . Intervention [59] , the use of iso-osmolar contrast media or low-osmolar contrast media, other than iohexol or ioxaglate, is recommended, while the 2011 ACCF/AHA Focused Update of the Guidelines for the Management of Patients With Unstable Angina/Non-ST-Elevation Myocardial Infarction [60] and the 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention [61] describe that current data are insufficient to justify specific recommendations about low-and iso-osmolar contrast media, and recommend that patients undergoing cardiac catheterization with receipt of contrast media should receive adequate prophylactic hydration, and calculation of the contrast volume to CCr ratio is useful to predict the maximum volume of contrast media that can be given without significantly increasing the risk of CIN [60] .
High-osmolar contrast media have been used for a long period of time, and have caused adverse reactions due to their high osmolality. As low-osmolar contrast media became available in the 1980s and iso-osmolar contrast media were introduced thereafter, the incidence of adverse reactions to contrast media has decreased. In Japan, the intravascular use of ionic high-osmolar contrast media has not been covered by the NHI since February 2001. Although the incidence of CIN has decreased as the use of low-osmolar contrast media has become common, CIN is still a major adverse reaction to contrast media. Considerable interest has been focused on the difference in incidence of CIN among currently available low-and isoosmolar contrast media. The osmolarity of contrast media, when compared in iodine equivalent concentrations, is highest in high-osmolar contrast media followed by lowosmolar contrast media and iso-osmolar contrast media. It also should be noted that the osmotic pressure ratio of low- -Existing evidence is not sufficient to enable a guideline statement on selection among commonly used low-and iso-osmolar contrast media.
osmolar contrast media to physiological saline ranges from 2-4, which is a higher ratio than that of iso-osmolar contrast media (1.0).
CQ4-5
Is the risk for developing CIN higher in patients receiving contrast media via invasive (intra-arterial) administration than in those receiving contrast media via non-invasive (intravenous) administration? Answer: Although there is no evidence demonstrating that intraarterial administration of contrast media is an independent risk factor for developing CIN, the incidence of CIN tends to be higher in patients receiving contrast media intraarterially than in those receiving them intravenously.
Level of Evidence: IVa Grade of Recommendation: Not applicable
Rationale CQ4- 5 The majority of studies on CIN have been conducted in patients receiving contract media intra-arterially, and only a few studies have investigated a possible difference in the incidence of CIN by route of administration. The incidence of CIN tends to be lower in patients receiving contrast media intravenously than in those receiving them intra-arterially (Table 6 ) [62] [63] [64] , although this difference might be explained by other factors such as catheter techniques. In a review of 7 prospective observational studies, the overall incidence of CIN was 5.4 % in patients with CKD who intravenously received low-or iso-osmolar contrast media, which suggested that intravenous administration of contrast media may pose a smaller risk of CIN as compared with that seen with intraarterial administration [42] . Table 7 lists the incidence of CIN in patients with CKD after receiving different contrast media [5, [65] [66] [67] [68] [69] [70] . Table 8 Recently, CAG and catheter-based revascularization have become common procedures, and the use of contrast media has increased substantially. It has been reported that in patients with CKD the risk of CIN increases as kidney function (GFR) decreases (Fig. 1) [8] . In 2001, Shiraki et al. [73] reported that 61 of 1,920 patients (3.2 %) who underwent CAG developed CIN, and 1 of them (0.05 %) required hemodialysis. In another study, Fujisaki et al. [74] reported that CIN developed in 12 of 267 patients (4.5 %) who underwent CAG, and hemodialysis was required in 2 patients (0.7 %). In a report from the Mayo Clinic in 2002, CIN developed in 254 of 7,586 (3.3 %) patients who underwent CAG, and 20 (7.9 %) of these required hemodialysis [4] . Mortality at 1 and 5 years were 12.1 and 44.6 %, respectively, in patients with CIN, which were significantly higher than those in patients without CIN (3.7 and 14.5 %, respectively). In a study reported in 2009, Abe et al. [75] reported that the incidence of CIN within 5 days after CAG was 4.0 % in 1,157 consecutive patients who underwent CAG, and risk factors for CIN included a baseline SCr level of C1.2 mg/dL and the use of a large volume (C200 mL) of contrast media. In the earlier-mentioned studies, CIN was defined as an increase in SCr levels by C0.5 mg/dL. The risk of CIN after CAG was 3.0-5.0 %, and CIN developed mainly in high-risk patients such as those with diabetes, anemia, dehydration, or an underlying kidney diseases, and/or those who were elderly or were receiving nephrotoxic agents [50] . It is recommended that patients with CKD should receive appropriate preventive treatment such as fluid therapy and be closely monitored for kidney function after CAG.
CQ5-2
Does the use of a smaller volume of contrast medium decrease the risk for developing CIN? Answer: Because the use of a smaller volume of contrast medium decreases the risk for developing CIN in patients undergoing CAG, we recommend that contrast medium be administered at the minimal required volume. Because the risk for developing CIN increases as the dose of contrast medium increases, unnecessary use of contrast media should be avoided in all patients. Although the volume of contrast media used in CAG ranges from 50-100 mL in many patients, it is recommended that contrast media used for patients with CKD should be limited to the minimal required volume. In a study of 10,065 patients undergoing PCI, Brown et al. [53] reported that the incidence of AKI was significantly higher in patients receiving doses of contrast media above the minimal required volume compared to those receiving doses below it. Nyman et al. [52] suggested that the contrast medium dose-to-eGFR ratio (gram-iodine/ eGFR) should be kept under 1.0 (see CQ4-1), and Laskey et al. [76] recommended that the ratio of the volume of contrast media to CCr should be limited to \3.7. Some reports have advocated lower ratios of the volume of contrast media to CCr. In a study of 58,957 patients undergoing PCI, the risk of CIN and nephropathy requiring dialysis (NRD) approached significance when the contrast dose to CCr ratio exceeded 2.0, and was dramatically elevated in patients exceeding a contrast dose to CCr ratio of 3.0 (Fig. 2 ) [77] . It is recommended, on the basis of these findings, that the volume of contrast media used during CAG or PCI be limited to the minimal required volume in patients with CKD (see CQ4-1) [8] .
5.3 CQ5-3 Does repeated CAG at short intervals increase the risk for developing CIN? Answer: Because repeated CAG at short intervals may increase the risk for developing CIN, we consider not to repeat CAG within 24-48 h in patients with CKD (GFR\60 mL/min/1.73 m 2 ).
Level of Evidence: VI Grade of Recommendation: C2
Rationale CQ5- 3 Because it has been reported that repeated CAG within 24-48 h may increase the risk for developing CIN, patients with CKD should not undergo repeated CAG in a short time interval (24-48 h; see CQ6-3 ). There have been no studies investigating the effect of repeated CAG within 1 year on the risk for developing CIN.
5.4 CQ5-4 Does CKD increase the incidence of CIN after PCI? Answer:
In patients with CKD (GFR \60 mL/min/1.73 m 2 ), the incidence of CIN is higher after PCI as compared with after other procedures. However, there is no evidence demonstrating that PCI itself worsens the prognosis of CKD. PCI has been established as a revascularization procedure to treat angina and acute myocardial infarction, and has become increasingly common in recent years. The volume of contrast medica used during PCI ranges from 100-200 mL, which is larger than the volume used during CAG. More than 300 mL of contrast media may be used during PCI for the treatment of chronic total occlusion.
In a study of 439 patients who had baseline SCr levels of C1.8 mg/dL and underwent PCI, Gruberg et al. [34] reported that 161 patients (36.7 %) experienced CIN, and 31 patients (7.1 %) required hemodialysis. In-hospital mortality was 14 % for patients with further kidney function deterioration after PCI. In a study of 208 consecutive patients with acute myocardial infarction undergoing primary PCI, Marenzi et al. [37] reported that CIN developed in 40 patients (19.2 %). Of the 160 patients with a baseline eGFR C60 mL/min/1.73 m 2 , CIN developed in 21 patients (13.1 %), whereas it developed in 19 patients (39.6 %) of those with eGFR \60 mL/min/ 1.73 m 2 . The risk factors for CIN included age C75 years, use of C300 mL of contrast media, [6 h of time-toreperfusion, presence of anterior myocardial infarction, and use of an intra-aortic balloon pumping (IABP), but The package inserts for contrast media available in Japan describe osmotic pressure ratio determined using the freezing-point depression method according to the Japanese Pharmacopoeia The osmolarity of contrast media, when compared in iodine equivalent concentrations, is highest in high-osmolar contrast media followed by low-osmolar contrast media and iso-osmolar contrast media. It also should be noted that the osmotic pressure ratio of low-osmolar contrast media to physiological saline ranges 2-4, which is a higher ratio than that of iso-osmolar contrast media ( [78] investigated a cohort of 8,798 patients who underwent PCI, and reported that the incidence of CIN in patients who underwent emergency PCI for acute myocardial infarction or unstable angina was significantly higher than that in those who underwent elective PCI for stable angina ( Table 9 ), and that the incidence of CIN was high in patients with a baseline eGFR of \30 mL/min/ 1.73 m 2 as well as in patients receiving emergency or elective PCI. These findings indicate that the incidence of CIN and in-hospital mortality may be higher in patients undergoing emergency PCI for the treatment of acute myocardial infarction than in patients undergoing elective PCI for the treatment of stable angina, because the former patients have cardiac failure and unstable hemodynamics due to myocardial infarction and require a larger volume of contrast media. There is no evidence indicating that PCI itself worsens the prognosis of CKD. It is recommended that patients with coronary artery disease that is indicated for CAG and PCI should have the risk of postprocedure deterioration of kidney function fully explained, receive appropriate preventive measures such as fluid therapy, and be exposed to the minimum necessary volume of contrast media [8] .
5.5 CQ5-5 How can CIN be differentiated from kidney injury due to cholesterol embolism? Answer: CIN may be differentiated from kidney injury due to cholesterol embolism on the basis of clinical and laboratory Cholesterol embolism is a disease due to the obstruction of small arteries (150-200 lm in diameter) that may cause multiple organ failure. The emboli are formed by cholesterol crystals released from ruptured atherosclerotic plaques in the aorta or other large vessels. The risk of cholesterol embolism increases during catheterization using contrast media. Kidney injury due to cholesterol embolism is believed to be caused by the microemboli of small renal arteries by cholesterol crystals, and is also associated with allergic reactions. CIN may be differentiated from kidney injury due to cholesterol embolism, as the latter condition has the following features:
1. Prolonged and progressive kidney dysfunction that develops several days or weeks after catheterization. 2. AKI that is often irreversible and sometimes follows a progressive course. 3. Multiple organ failure that may develop in addition to AKI. 4. Systemic symptoms of embolism such as livedo reticularis of the legs, cyanosis, and blue toes may develop. 5. Vasculitis-like symptoms such as fever, arthralgia, general malaise, eosinophilia, increased CRP, decreased serum complement, and elevated sedimentation rate may develop. 6. A diagnosis must be confirmed by pathological examinations such as skin and kidney biopsies.
6 Intravenous contrast media imaging including contrast-enhanced CT 6.1 CQ6-1 Does CKD increase the risk for developing CIN after contrast-enhanced CT?
Answer:
1. It is highly likely that CKD (eGFR \60 mL/min/ 1.73 m 2 ) increases the risk for developing CIN after contrast-enhanced CT. 2. We suggest that physicians sufficiently explain the risk for developing CIN especially to patients with an eGFR of \45 mL/min/1.73 m 2 who are going to undergo contrast-enhanced CT, and provide appropriate preventive measures such as fluid therapy before and after the examination.
Level of Evidence: IVa Grade of Recommendation: B Rationale CQ6-1
In a cohort study of 539 patients (348 received a CTA) in whom the effects of CTA and the use of contrast media on the risk of kidney dysfunction were assessed, baseline GFR was an independent predictor of AKI [87] . Case series that included only patients undergoing contrast-enhanced CT have reported that baseline kidney dysfunction is a risk factor for CIN [66, [88] [89] [90] [91] . In two cohort studies in which change over time in SCr levels was compared between patients undergoing plain and contrast-enhanced CT examinations, the incidence of an increase in SCr levels did not show statistically significant difference between the 2 groups [92, 93] .
Alternatively, it has been widely believed that the risk for developing CIN after CAG or catheterization increases in patients with CKD (see CQ5-1).
It is highly likely, on the basis of these findings, that the risk for developing CIN after contrast-enhanced CT is high among patients with CKD. Because the risk for developing CIN after intravenous administration of contrast media is considered high in patients with an eGFR of \45 mL/min/ 1.73 m 2 (see CQ3-1) [5, 6] , such patients should have the risk of CIN explained to them, and receive appropriate measures to prevent CIN such as fluid therapy before and after contrast-enhanced CT (see CQ7-1).
CQ6-2
Does the use of a smaller volume of contrast media reduce the risk for developing CIN after contrast-enhanced CT? Answer: We consider using minimum volume of contrast media for contrast-enhanced CT necessary to ensure an accurate diagnosis.
Level of Evidence: V Grade of Recommendation: C1 Rationale CQ6-2
The volume of contrast medium required to make an accurate diagnosis depends on the purpose of the imaging. For example, 500-600 mg iodine/kg is required to perform dynamic CT of the liver and other solid organs, while CTA for the visualization of arterial system may be performed with 180-300 mg iodine/kg of contrast medium. Accordingly, contrast-enhanced CT may be performed safely even in patients with kidney dysfunction when only a small volume of contrast medium is used.
Because in many cases CIN developed after CAG, which requires a relatively large volume of contrast media, it is believed that the use of a large volume of contrast medium increases the risk for developing CIN.
In an analysis of 10 RCTs and 2 cohort studies that assessed the risk of CIN after cardiac catheterization, the incidence of CIN in patients with an eGFR of 30 mL/min/ 1.73 m 2 who received 150, 125, 100, or 75 mL of contrast medium containing 300 mg iodine/mL was estimated as 19.0, 14.7, 10.4, and 6.1 %, respectively [94] .
In a study that investigated an association between contrast volume and CIN in patients with CKD undergoing CAG, the incidence of CIN in quartiles of contrast volume (61, 34, 23, 14 mL) was 29.8, 15.2, 10.9, and 4.4 %, respectively [95] . In a study reported in 1989 when ionic contrast media were commonly used for cardiac catheterization, a ''contrast material limit'' in patients with CKD was calculated by using the following formula: ([5 mL of contrast per 1 kg] 9 body weight [kg])/SCr (mg/dL) (see CQ4-1) [51] . However, the maximum volume of contrast is 300 mL, even when the calculated limit exceeds 300 mL (e.g., contrast medium containing 370 mg iodine/mL).
Although only a few reports have described the relationship between the volume of contrast media used in contrast-enhanced CT and the risk of CIN, in a study of 421 patients undergoing contrast-enhanced CT, the use of [100 mL of contrast media was associated with an increased risk of CIN defined by a rise in SCr levels C25 % (OR 3.3, 95 % CI 1.0-11.5) [5] .
According to these findings, it is considered that the use of a small volume of contrast media may decrease the risk for developing CIN after contrast-enhanced CT, but that a safe dose of contrast media may not be determined with a simple equation. Even a small volume of contrast may induce CIN in patients with severe kidney dysfunction. Physicians must determine the volume of contrast media to be used during contrast-enhanced CT after careful consideration of the risks associated with the use of contrast media and the benefits of the examination. Patients with kidney dysfunction should undergo appropriate preventive procedures such as fluid therapy before and after contrast-enhanced CT, and should be closely followed up for kidney function and clinical condition.
According to the formula described by Nyman et al. [94] , the volumes of contrast media that are associated with the 5, 10, 20, and 30 % incidences of CIN in patients with different eGFRs can be calculated (Fig. 3) . This formula has been validated in only 1 study by the same researchers [52] , and there is no sufficient evidence supporting the formula. Readers should be aware of this, and should use these data only as a reference. The formula used to calculate volume of contrast media associated with CIN has been validated in only 1 study by Nyman et al. [52] , and there is no sufficient evidence supporting the formula. Readers should be aware of this, and should use these data only as a reference. The formula was developed on the basis of data of patients undergoing cardiac catheterization rather than CT. CIN contrast-induced nephropathy, CT computed tomography, eGFR estimated glomerular filtration rate, SCr serum contrast media of 370 mg iodine/mL creatinine 6.3 CQ6-3 Does repeated contrast-enhanced CT at short intervals increase the risk for developing CIN? Answer: We consider not to repeat contrast-enhanced CT within 24-48 h because repeated contrast-enhanced CT at short intervals may increase the risk for developing CIN.
Level of Evidence: V Grade of Recommendation: C2 Rationale CQ6-3
Patients with emergent conditions, such as those with ruptured cerebral aneurysm or acute myocardial infarction, may receive contrast media repeatedly within 24-48 h for the purposes of pre-and post-treatment assessment and intervention, among others.
In a study of 164 patients who underwent repeated contrast-enhanced CT examinations within 24 h, 21 patients (12.8 %) developed CIN [96] . Because the incidence of CIN was higher than that reported in other studies of patients after single contrast-enhanced CT examination, it is possible that repeated contrast-enhanced CT may increase the incidence of CIN. In a study of 28 patients who underwent two contrast exposures, SCr levels increased and eGFR decreased statistically significantly after the second contrast exposure, and 4 of the 28 patients developed CIN [97] .
In a study of 198 patients who underwent contrastenhanced CT for evaluation of acute ischemic or hemorrhagic stroke, none of 55 patients who underwent repeat contrast-enhanced CT within 24 h of the initial examination developed CIN (the volume of contrast media ranged from between 180-260 mL) [98] . It also has been reported that there was no correlation between the number of contrast-enhanced CT examinations and the incidence of CIN [87] ; the incidence of AKI did not differ between patients receiving contrast media twice within 32 h and those receiving no contrast media [93] ; and the incidence of CIN did not increase in patients undergoing contrast-enhanced CT followed by CAG [99] . There is no conclusive evidence demonstrating that repeated contrast-enhanced CT increases the risk of CIN.
However, because the incidence of CIN increases as the volume of contrast medium used during an examination increases, as described in CQ6-2, repeated exposure to contrast media within 24-48 h may increase the incidence of CIN [7] . Accordingly, repeated contrast-enhanced CT should be avoided in principle, and patients undergoing multiple contrast-enhanced examinations in a short period of time should be examined prior to the use of contrast medium for baseline kidney function and the risk of CIN, and should also be closely monitored for kidney function after contrast-enhanced CT.
CQ6-4
Is the risk for developing CIN after contrast-enhanced CT higher in outpatients than inpatients? Answer: There is no clear evidence demonstrating that the risk for developing CIN after contrast-enhanced CT is higher in outpatients than in inpatients.
Level of Evidence: V Grade of Recommendation: Not applicable Rationale CQ6-4
Outpatients account for more than half of patients undergoing contrast-enhanced CT. There is an opinion that the incidence of CIN may be higher in outpatients than in inpatients because it is possible that preventive measures before and after the procedure and postprocedural followup are insufficient for outpatients.
In a study of 421 patients undergoing nonemergent CT, the incidence of CIN (an increase in SCr levels of C25 %) was significantly higher in inpatients (n = 127) than in outpatients (n = 294) (12.6 vs. 3.6 %) [5] . However, in a study of inpatients (n = 1,111) undergoing contrast procedures, not including coronary procedures, the incidence of CIN (increase in SCr levels of C0.5 mg/dL) was 4.6 % [91] . Conversely, in a study of outpatients undergoing contrast-enhanced CT, the incidence of CIN (an increase in SCr levels of C0.5 mg/dL or C25 %) was 11.1 % (70 of 633 patients) [100] .
Earlier-mentioned reports differ substantially in patient characteristics, such as disease severity, that may affect the reported incidence of CIN. There is no conclusive evidence indicating that the incidence of CIN is higher in either group. It is thought to be that the incidence of CIN differ among these reports because of non-uniformity of patient populations such as patient characteristics, disease severity.
7 Prevention of contrast-induced nephropathy: fluid therapy 7.1 CQ7-1 Does physiological saline hydration decrease the risk for developing CIN? Answer:
1. We recommend using isotonic solutions such as physiological saline and sodium bicarbonate solution intravenously before and after contrast-enhanced examination in patients with CKD and a high risk for developing CIN.
Level of Evidence: II Grade of Recommendation: A
2. We recommend using isotonic solutions to prevent CIN because isotonic 0.9 % sodium chloride injection (physiological saline) is superior to hypotonic 0.45 % sodium chloride injection in preventing CIN.
Level of Evidence: II Grade of Recommendation: A Rationale CQ7-1
In the 1980s, Eisenberg et al. [101, 102] demonstrated that the development of CIN in patients with CKD undergoing contrast-enhanced examination may be prevented by intravenous administration of physiological saline during the examination. Trivedi et al. [103] conducted a RCT to assess the role of saline hydration on the development of CIN. A total of 53 patients with normal kidney function who were going to undergo nonemergency cardiac catheterization were randomized to a group of patients receiving normal saline intravenously or a group of patients allowed unrestricted oral fluids. CIN (defined as an increase in SCr levels of C0.5 mg/dL within 48 h of contrast exposure) developed in 1 of the 27 patients (3.7 %) receiving saline infusion and 9 of the 26 patients (34.6 %) with unrestricted oral fluids (p = 0.005), indicating that saline hydration significantly decreases the incidence of CIN. In the RENO Study, 111 patients with acute coronary syndrome undergoing emergency PCI were randomly assigned to receive an initial intravenous bolus of 5 mL/kg/h of alkaline saline solution with 154 mEq/L of sodium bicarbonate over 1 h before PCI (group A) or to receive standard hydration after PCI (group B) [104] . The incidence of CIN was 1.8 % in group A and 21.8 % in group B (p = 0.032). It is recommended, according to these findings, that patients receive intravenous solutions such as physiological saline prior to contrast exposure to prevent CIN.
In a RCT comparing the effects of isotonic and hypotonic fluids on the incidence of CIN, the isotonic solution (0.9 % physiological saline) was superior to the hypotonic solution (0.45 % sodium chloride) [105] . In this study, 1,620 patients scheduled for selective or emergency coronary angioplasty were randomly assigned to receive isotonic (n = 809) or hypotonic (n = 811) hydration prior to intervention. The incidence of CIN (defined as an increase in SCr levels of C0.5 mg/dL within 48 h) was significantly reduced with isotonic (0.7 %, 95 % CI 0.1-1.4 %) vs. hypotonic (2.0 %, 95 % CI 1.0-3.1 %) hydration (p = 0.04).
Many patients had normal kidney function at baseline, and non-ionic low-osmolar contrast media were used.
Because the earlier-mentioned findings support the efficacy of isotonic fluids, such as physiological saline, in the prevention of CIN, we recommend the use of isotonic fluids as a preventive measure for CIN. The volume of isotonic fluids infused should be adjusted according to the cardiac function and general condition of the patient. The use of isotonic fluids to prevent CIN should be considered for patients with a GFR of \45 mL/min/1.73 m 2 undergoing noninvasive contrast-enhanced examinations such as contrast-enhanced CT after intravenous administration of contrast media, and for patients with a GFR of \60 mL/ min/1.73 m 2 undergoing invasive contrast-enhanced examinations such as CAG with intra-arterial administration of contrast media.
7.2 CQ7-2 Does oral water intake decrease the risk for developing CIN as much as administration of fluid therapy does? Answer: There is no sufficient evidence that oral water intake is as effective as intravenous fluid therapy in preventing the development of CIN. We consider that patients receive fluid therapy or other established preventive measures rather than rely on oral water intake to prevent CIN.
Level of Evidence: II Grade of Recommendation: C1
Rationale CQ7-2
It is difficult to conduct intravenous hydration as a measure to prevent CIN in outpatients or patients undergoing emergency imaging. For such patients, oral fluid loading has been tried to prevent dehydration and promote diuresis. Trivedi et al. [103] evaluated the effects of unrestricted oral fluids and intravenous saline hydration on the incidence of CIN in patients undergoing nonemergency cardiac catheterization, and reported that saline hydration was superior to oral fluids in terms of the prevention of CIN and the severity of kidney dysfunction.
In a study of the effects of oral hydration with mineral water versus intravenous hydration with isotonic solution on kidney function in patients with diabetes undergoing elective CAG and PCI, 52 patients (group 1; mean CCr: 70.3 mL/min) were hydrated intravenously (1 mL/kg/h), during the 6 h before and during the 12 h after CABG or PCI, with isotonic solution (0.9 % NaCl) [106] . Fifty patients (group 2; mean CCr 79 mL/min) were randomized to receive oral water intake (1 mL/kg/h) during 6-12 h before and during the 12 h after CAG or PCI. At 72 h after the procedure, the mean CCr was 65.3 mL/min in group 1 and 73.5 mL/min in group 2 (not significant [NS]). The incidence of CIN was 5.77 % in group 1 and 4.00 % in group 2 (NS).
In the PREPARED study, 36 patients with CKD (SCr levels C1.4 mg/dL) undergoing elective cardiac catheterization were randomized to receive either an outpatient hydration protocol including precatheterization oral hydration (1,000 mL oral water intake over 10 h) followed by 6 h of intravenous hydration (0.45 % normal saline solution at 300 mL/h; n = 18) beginning just before contrast exposure, or overnight intravenous hydration (0.45 % normal saline solution at 75 mL/h for both 12 h precatheterization and postcatheterization procedures; n = 18) [107] . The maximal changes in SCr levels in the inpatient (0.21 ± 0.38 mg/dL) and outpatient (0.12 ± 0.23 mg/dL) groups were similar (NS). They concluded that an oral hydration strategy prior to PCI/ CAG was similar to intravenous hydration in preventing contrast-associated changes in SCr levels. The results of the earlier-described RCT suggest that oral hydration prior to PCI/CAG may be effective in the prevention of CIN.
A study investigated whether oral intake of sodium chloride and water exerts effects similar to that of intravenous saline hydration [108] . In this RCT of saline hydration to prevent CIN in 312 patients with CKD (mean CCr 37 mL/min/1.73 m 2 ), patients were randomly assigned to 4 arms. In the first group, 76 patients received 1 g/10 kg of body weight per day of sodium chloride orally for 2 days before the procedure, and in the second group, 77 patients received 0.9 % saline intravenously at a rate of 15 mL/kg for 6 h before the procedure. The incidence of CIN was 6.6 % in the first group and 5.2 % in the second group (NS). The authors concluded that oral saline hydration was as effective as intravenous saline hydration for the prevention of CIN.
Although reports have indicated that oral hydration and intravenous saline infusion are similar in terms of the prevention of CIN, there is no conclusive evidence supporting the efficacy of oral hydration at this time. Oral hydration with water cannot be recommended as an alternative to intravenous infusion of physiological saline. Further studies are needed to confirm whether CIN can be prevented by oral water intake prior to the procedure and intravenous hydration after the procedure in patients in whom preprocedural intravenous hydration is not feasible. There is no conclusive evidence regarding the equivalence of oral saline hydration and intravenous saline hydration in the prevention of CIN.
Although oral hydration is inferior to intravenous hydration as a measure to prevent CIN, oral hydration prior to contrast exposure is recommended as a measure to treat dehydration and prevent discomfort caused by contrast media.
7.3 CQ7-3 Does sodium bicarbonate-based hydration decrease the risk for developing CIN? Answer: Although sodium bicarbonate-based hydration may decrease the risk for developing CIN and be superior in this regard to saline hydration, currently available evidence does not support the conclusion that sodium bicarbonatebased hydration is essential in the prevention of CIN.
Level of Evidence: I Grade of Recommendation: C1
Rationale CQ7-3
The efficacy of sodium bicarbonate-based hydration in the prevention of CIN has been evaluated by using MEYLON Ò (1 Eq/L) at a volume of 20 mL and those using 154 mEq/L of sodium bicarbonate solution. In Japan, 1.26 % Sodium Bicarbonate Injection (Fuso) (152 mEq/L) is commercially available.
Seven meta-analyses have been published on the comparison of sodium bicarbonate-based hydration with saline hydration in the prevention of CIN, and all but 1 analysis concluded that sodium bicarbonate-based hydration was superior to saline hydration in reducing the risk of CIN [109] [110] [111] [112] [113] [114] [115] . In 2009, Zoungas et al. [109] searched data published from 1950 to 2008, and reviewed 23 published and unpublished RCTs of intravenous sodium bicarbonate (9 peer-reviewed studies and 14 abstracts) with information on 3,563 patients. They reported that the pooled RR of CIN in patients receiving sodium bicarbonate-based hydration was 0.62 (95 % CI 0.45-0.86). Other meta-analyses yielded similar results in terms of the prevention of CIN by sodium bicarbonate-based hydration. However, no significant differences between sodium bicarbonate-based hydration and saline hydration were observed in terms of the introduction of hemodialysis, incidence of heart failure, or mortality. They concluded that sodium bicarbonatebased hydration may decrease the incidence of CIN, but does not differ from saline hydration in terms of kidney function and vital prognoses. Researchers have pointed out that studies included in these meta-analyses differ substantially in design, and that sodium bicarbonate-based hydration was reported effective in many published articles, and was concluded to be ineffective in other studies published as abstracts only.
In a meta-analysis of 14 studies (3 large and 11 small studies) of 2,290 patients, there was no evidence of a benefit for hydration with sodium bicarbonate compared with sodium chloride for the prevention of CIN among the large trials [116] . The report pointed out that including studies of lower methodological quality in the analysis may have led to a false conclusion. In this report, the researchers performed an analysis limited to 8 studies meeting the quality criteria, including [100 patients enrolled, and a similar dose and route between treatment groups if N-acetylcysteine (NAC) use was permitted. The RR for sodium bicarbonate (n = 945) compared with that for sodium chloride (n = 945) was 0.71 (95 % CI 0.41-1.03), which was not a statistically significant difference, but suggested a superior efficacy of the sodium bicarbonate-based hydration.
Readers of these meta-analyses should be aware that a typical protocol of sodium bicarbonate-based hydration consists of a 1-h infusion of about 150 mEq/L solution at 3 mL/kg/h for 1 h before contrast exposure and a 6-h infusion of the solution at 1 mL/kg/h for 6 h after contrast exposure, and is different in duration from a typical protocol of saline hydration with a 6-12 h infusion at 1 mL/ kg/h before and after contrast exposure. In these metaanalyses, data were not adjusted for the difference in the duration of infusion. Also, preprocedural hemofiltration has been reported to be effective for preventing CIN, and alkalinization of body fluids is also considered effective in the prevention of CIN (see CQ9-2). However, in a study of patients randomized to receive either sodium chloride or sodium bicarbonate administered at the same rate (3 mL/kg for 1 h before CAG, decreased to 1.5 mL/kg/h during the procedure and for 4 h after the completion of the procedure), the incidence of CIN did not differ between the 2 groups [117] .
Since 2009, 7 reports have been published on the use of sodium bicarbonate-based hydration. These 7 studies differ in design, and sodium bicarbonate-based hydration was concluded to be effective in 3 studies [118] [119] [120] and ineffective in 4 studies [121] [122] [123] [124] . The 4 studies that concluded that the sodium bicarbonate-based hydration was ineffective included 2 studies conducted in the same institution around the same time. These 2 studies may contain duplicated data. There are 3 reports on sodium bicarbonate-based hydration in Japan. Ueda et al. [118] compared bolus saline infusion with bolus sodium bicarbonate infusion immediately before emergency PCI, and reported that sodium bicarbonate infusion significantly decreased the incidence of CIN by 88 % (RR: 0.128, 95 % CI: 0.016 * 0.91, p = 0.01). In a RCT of 144 patients with mild CKD undergoing an elective CAG, Tamura et al. [119] reported that the incidence of CIN was lower in patients receiving standard saline hydration (12 h before contrast exposure) plus a single-bolus intravenous administration of 20 mEq/L sodium bicarbonate (MEY-LON Ò 20 mL) immediately before contrast exposure than in patients receiving standard saline hydration alone (p = 0.017). Motohiro et al. [120] conducted a RCT in 155 patients and reported that the incidence of CIN in patients undergoing CAG was significantly lower in 78 patients who received 3 h of saline hydration followed by 3 h of sodium bicarbonate-based hydration at 1 mL/kg/h prior to CAG and 6 h of sodium bicarbonate-based hydration after CAG than in 77 patients receiving saline hydration alone (p = 0.012). In the PREVENT study conducted in Korea, 382 patients with diabetes and CKD were randomly assigned to receive saline hydration at 1 mL/kg/h for 12 h before and after CAG or PCI (saline group, n = 189), or sodium bicarbonate at 3 mL/kg/h for 1 h before contrast exposure and at 1 mL/kg/ h from the initiation of the procedure to 6 h after the procedure (bicarbonate group, n = 193) [121] . All patients received oral NAC 1,200 mg twice daily for 2 days. The incidence of CIN was 5.3 % in the saline group and 9.0 % in the bicarbonate group, but the difference was not significant (p = 0.17).
These findings suggest that sodium bicarbonate is superior to saline in the prevention of CIN in patients who have only a limited time to receive intravenous infusion (e.g., patients requiring emergency care). However, sodium bicarbonate-based hydration does not significantly decrease the risks of hemodialysis and death, and is not concluded to be necessary.
CQ7-4 Is short-term intravenous hydration
as effective as standard intravenous hydration in preventing CIN? Answer: Although there is no conclusive evidence on the efficacy of short-term intravenous hydration, we consider not to use short-term intravenous hydration because the incidence of CIN may be higher in those patients receiving short-term intravenous hydration than in those receiving standard intravenous hydration.
Level of Evidence: II Grade of Recommendation: C2 Rationale CQ7-4
It is difficult to conduct RCTs comparing short-term intravenous hydration (e.g., 1-h intravenous hydration before contrast exposure) with standard intravenous hydration because short-term intravenous hydration is required only for patients undergoing emergency PCI.
In a RCT of 63 patients with CKD who received either 12-h intravenous hydration at 1 mL/kg/h or bolus hydration at a volume of 250 mL over 1 h immediately before procedure, the incidence of CIN was 0 % in patients receiving overnight hydration and 10.8 % in patients receiving bolus hydration [125] . Meanwhile, in a study comparing intravenous administration of C2,000 mL/day within 12 h before and after contrast exposure, and volume expansion with 300 mL saline immediately before the administration of contrast media, the incidence of CIN did not differ between the groups [126] .
Among 4 RCTs comparing 1-h sodium bicarbonate hydration at 3 mL/kg/h with 6-12 h saline hydration at 1 mL/kg/h, 3 RCTs did not show a difference in the incidence of CIN between the groups [121, 124, 127] . These findings suggest that short-term sodium bicarbonate-based hydration is as effective as standard saline hydration in preventing CIN.
In 2 RCTs, patients received furosemide in addition to saline hydration to achieve a urine flow of C300 mL/h before contrast exposure and to maintain it for 4 h after contrast exposure to prevent CIN in high-risk patients [20, 21] . In the REMEDIAL II study, 292 patients with CKD and a GFR of \30 mL/min/1.73 m 2 were randomized to receive sodium bicarbonate solution and NAC (n = 146), or aggressive saline hydration, NAC, and furosemide (n = 146) [20] . In the group of patients receiving saline infusion and furosemide with keeping urine volume more than 300 mL/h, a 53 % RR reduction was observed as compared with that seen in patients receiving sodium bicarbonate-based hydration (OR 0.47, 95 % CI 0.24-0.92). In patients with a higher risk of heart failure, the initial bolus administration of saline was reduced to B150 mL. No patients experienced adverse drug reactions to furosemide, but acute pulmonary edema due to volume overload developed in 3 patients. According to these findings, administration of a large amount of saline and furosemide may be effective in the prevention of CIN after contrast exposure in patients with a GFR of \30 mL/min/1.73 m 2 . However, patients should be closely observed to prevent the occurrence of pulmonary edema.
Only a few studies have investigated the efficacy of hydration within 1 h before contrast exposure as compared with intravenous hydration over 12 h, and no sufficient evidence has been obtained. Further studies should be done in this area. It has been suggested that a decrease in renal blood flow and hypoxia of the renal medulla due to vascular constriction, and kidney injury due to reactive oxygen species, may play important roles in the development of CIN. Accordingly, it has been expected that CIN may be prevented with drugs exerting anti-oxidant action such as NAC, ascorbic acid, sodium bicarbonate, and statins, as well as drugs that dilate blood vessels and increase renal blood flow such as human atrial natriuretic peptide (hANP), dopamine, fenoldopam, prostaglandin, and theophylline, and many clinical studies of these drugs have been conducted. However, no conclusive evidence has been obtained for any of these drugs.
NAC, an antioxidant with vasodilative properties [23] , has been proven effective in the treatment of hepatic injury due to acetaminophen, and is indicated for the treatment of this condition in Japan and other countries, including the United States. Because animal studies have indicated that NAC may protect the myocardium and preserve kidney function [128] , it was expected to prevent CIN in humans. After the report by Tepel et al. [65] on the effect of NAC (600 mg twice daily, orally) in preventing CIN, many RCTs and meta-analyses were conducted [129] [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] .
In a meta-analysis on the effects of NAC and other drugs on preventing CIN, Kelly et al. [133] analyzed the results of 26 RCTs of oral NAC, and concluded that NAC reduced the risk for CIN more than did saline hydration alone (RR: 0.62). However, in a comment on the meta-analysis performed by Kelly et al., Trivedi [140] pointed out the diverse designs of the included studies, and questioned the validity of the conclusion. Although this meta-analysis concluded that NAC was more renoprotective than was saline hydration alone, the sample sizes of the studies analyzed and the quality of sample calculation methods used in the meta-analysis were questioned. In another meta-analysis of 22 RCTs, Gonzales et al. [138] used a modified L'Abbé plot to divide the data into cluster 1 (18 studies, 2,445 patients) and cluster 2 (4 studies, 301 patients), and reported that cluster 1 studies showed no benefit, while cluster 2 studies indicated that NAC was highly beneficial. However, cluster 2 studies were published earlier, and were of lower quality as measured by Jadad scores (\3, three study characteristics combined) [138, 139] . At the present time, oral NAC treatment has not been demonstrated to be sufficiently effective in the prevention of CIN. In a meta-analysis of 6 studies on the effect of intravenous NAC in the prevention of CIN, no conclusive evidence has shown that intravenous NAC is safe and effective in preventing CIN [139] . Subsequently, a multicenter RCT of NAC in about 2,300 patients was conducted to compare NAC 1,200 mg with placebo, and it was concluded that NAC does not reduce the risk of CIN, improve 30-day mortality, or reduce the need for dialysis at 30 days [132] .
The absence of an increase in SCr levels after the administration of NAC does not always indicate that NAC is effective in preventing CIN. NAC is known to increase the activity of creatinine kinase and the excretion of creatinine from the renal tubules [141, 142] . Accordingly, it cannot be concluded that NAC may preserve kidney function even when no increase in SCr levels is observed after treatment with NAC, because NAC may maintain the patient's baseline SCr level by increasing excretion of SCr.
Although the use of NAC is not recommended for a measure to prevent CIN, some specialists recommend it for high risk patients because of the low cost and low incidence of adverse drug reactions [8, 143] An intrinsic peptide, hANP exerts a natriuretic action, afferent arteriole dilatation [144] , anti-renin and antialdosterone actions [145] , and has been reported to be beneficial in the treatment of AKI after cardiac surgery [146] . Although several reports have denied the efficacy of hANP in preventing CIN [147] [148] [149] , the decrease in blood pressure by hANP might have affected the incidence of CIN in these reports. A study in Japan has reported that hANP at a low dose that does not decrease blood pressure is beneficial in the prevention of CIN [150] . However, there is no conclusive evidence supporting the efficacy of hANP in preventing CIN, and at the present time, hANP is not recommended as a standard measure to prevent CIN. Further studies are awaited to investigate the indications of hANP in the prevention of CIN in high risk patients. B-type natriuretic peptide (BNP) is also expected to be effective in the prevention of CIN, and further studies are awaited to evaluate its efficacy [151] . Ascorbic acid exerts an anti-oxidant action against reactive oxygen species, and potentiates the effects of other antioxidants [152, 153] . Spargias et al. [152] have reported the efficacy of ascorbic acid in preventing CIN. In the REMEDIAL study in which 326 patients with CKD were randomly assigned to prophylactic administration of 0.9 % saline infusion plus NAC, sodium bicarbonate infusion plus NAC, or 0.9 % saline plus ascorbic acid plus NAC, ascorbic acid was not effective in the prevention of CIN [154] . At the present time, the use of ascorbic acid is not recommended as a standard measure to prevent CIN. Because statins exert many different actions, including anti-oxidant and anti-inflammatory actions [155] , they are expected to be effective in preventing CIN. Observational studies have reported that statins may preserve kidney function [156, 157] . However, meta-analyses have yielded inconsistent conclusions. A meta-analysis of 6 cohort studies and 6 RCTs concluded that current data are not conclusive as to whether statins are protective for CIN [158] , while another meta-analysis of data on 1,251 patients from 7 RCTs concluded that periprocedural shortterm statin treatment is likely effective in the prevention of CIN [159] . At the present time, we consider not to use statins to prevent CIN. Contrast media can be removed from the blood by hemodialysis. It has been reported that 60-90 % of the contrast medium is removed during 1 session of hemodialysis. Clinical studies have been conducted on the basis of these findings to investigate the efficacy of hemodialysis, hemodiafiltration, and hemofiltration in the prevention of CIN [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] . However, most studies could not demonstrate the efficacy of these procedures in the prevention of CIN. A few studies have reported a lower risk of CIN, but some others have reported an increased risk of CIN. The risk of CIN was not changed in a majority of studies. Accordingly, there is no scientific evidence that supports the use of hemodialysis as a measure to prevent CIN.
Although studies have been conducted to investigate the efficacy of hemofiltration in preventing CIN, there has been no conclusive evidence that hemofiltration prevents CIN by removing the contrast medium from the blood.
However, in the clinical setting, hemodialysis may be conducted after contrast exposure to prevent heart failure or for other purposes. Most clinical studies on the effects of loop diuretics in the treatment of AKI, including CIN, have concluded that loop diuretics are ineffective in the treatment of AKI [170] [171] [172] [173] [174] . In a RCT of 338 patients with AKI requiring dialysis therapy who received either loop diuretics (furosemide) or placebo, furosemide showed no significant improvement for any endpoints tested [173] . In 2 meta-analyses published in 2006 [175] and 2007 [176] , loop diuretics were not associated with improved kidney function, rate of hemodialysis, or mortality. In a cohort study, the use of diuretics in critically ill patients with AKI was associated with an increased risk of death [172] . Accordingly, the use of loop diuretics for the treatment of CIN is not recommended. Loop diuretics may be effective in restoring fluid balance through diuresis [173, 176] , but may negatively affect the outcome of AKI [172] . In the treatment of CIN, physicians should keep appropriate body fluid volume and consider hemodialysis whenever necessary.
10.2 CQ10-2 Does fluid therapy prevent the progression of kidney dysfunction in patients with CIN? Answer: Because an excessive increase in body fluid volume after the development of CIN is a risk factor for the progression of kidney dysfunction and an increase in mortality, we consider that the volume of fluid therapy may be determined after careful evaluation of body fluid volume.
Level of Evidence: IVa Grade of Recommendation: C2 Rationale CQ10-2
Fluid therapy is an essential procedure to improve and maintain circulatory hemodynamics in patients with sepsis or shock, but multicenter collaborative studies of critically ill patients with AKI, including those with sepsis and CIN, have shown that an excessive increase in body fluid volume is an independent risk factor for in-hospital mortality [177, 178] . An early introduction of hemodialysis to restore fluid balance resulted in a decrease in mortality. On the other hand, no significant relationship was observed between body fluid volume and an improvement of kidney function. Accordingly, keeping patients appropriate body fluid should be monitored carefully to ensure that they are receiving appropriate fluid therapy based on the correct volume for the patient because an excessive increase in body fluid volume may increase the risk of death.
10.3 CQ10-3 Does the low-dose dopamine prevent the progression of kidney dysfunction in patients with CIN? Answer: We recommend not using low-dose dopamine for the treatment of CIN because it does not improve recovery from AKI.
Level of Evidence: I Grade of Recommendation: D Rationale CQ10-3
In a RCT, patients with AKI after PCI (assumed to include many patients with CIN) were randomized to receive lowdose dopamine or saline alone, and the peak SCr level and the percentage of patients requiring hemodialysis were significantly higher in the group receiving low-dose dopamine [179] . In a subsequent RCT of patients with AKI, including those with CIN, there was no difference between the low-dose dopamine and placebo groups in SCr levels and percentages of patients requiring hemodialysis [180] . In 2 meta-analyses and a systematic review of studies addressing the use of dopamine in the prevention and/or treatment of kidney dysfunction, including studies on the use of low-dose dopamine for the prevention of AKI, low-dose dopamine was not effective in preventing the development and exacerbation of AKI and decreasing the percentages of patients requiring hemodialysis [181] [182] [183] . A sub-analysis of patients with CIN revealed similar results [183] .
In a cross-over study of patients with mild non-oliguric AKI, the effects of low-dose dopamine (increases in GFR and sodium excretion) disappeared in a short period of time [184] . It has been pointed out that low-dose dopamine reduced renal resistance indices in healthy individuals, but it increased renal resistance indices and may worsen kidney perfusion in patients with AKI [185] .
In a small RCT of patients, many of whom were considered to have CIN, low-dose dopamine had a deleterious effect on the severity of kidney dysfunction [179] . In conclusion, low-dose dopamine is not recommended for patients with CIN as it does not prevent the progression of kidney dysfunction. In a RCT of critically ill patients with AKI, including patients with CIN, the dialysis-free survival for 21 days after treatment, percentage of patients undergoing dialysis by day 14, and all-cause mortality by day 21 did not differ significantly between patients receiving high-dose hANP at 0.2 lg/kg/min for 24 h or those receiving placebo [186] . In a RCT of critically ill patients with oliguric AKI, the dialysisfree survival through day 21, percentage of patients undergoing dialysis by day 14, and mortality through day 60 did not differ significantly between patients receiving hANP and placebo [187] . On the other hand, in a small RCT of patients with AKI associated with cardiac surgery who started to receive a continuous infusion of low-dose hANP (50 ng/kg/ min) or placebo immediately after the onset of AKI (SCr levels increased by[50 % from baseline), there was no significant difference in the incidence of hypotensive episodes between the low-dose hANP and placebo groups, but the need for hemodialysis was significantly lower in the low-dose hANP group [188] . In a meta-analysis published in 2009, high-dose hANP did not significantly decrease mortality or the percentages of patients requiring hemodialysis, and was associated with an increased incidence of hypotension [189] . Alternatively, low-dose hANP did not increase the incidence of hypotension, or decrease the percentages of patients requiring hemodialysis. In summary, we recommend not using hANP for the treatment of CIN because it does not prevent the progression of kidney dysfunction. However, lowdose hANP may be effective in the treatment of CIN. Further studies are awaited.
10.5 CQ10-5 Does early renal replacement therapy (RRT) improve the outcome of kidney function in patients with CIN? Answer:
1. There is no evidence demonstrating that early RRT improves the outcome of kidney function in patients with CIN. 2. We suggest that prompt initiation of early RRT for patients with AKI due to different causes, including critically ill patients with oliguric CIN, as it may decrease mortality and the incidence of major complications including kidney dysfunction.
Level of Evidence: I Grade of Recommendation: B Rationale CQ10-5
In a small RCT of 106 patients with oliguric AKI, including those with CIN, who underwent early high-volume continuous venovenus hemofiltartion (CVVH), early low-volume CVVH, or late low-volume CVVH, survival and recovery of kidney function were not improved significantly in patients undergoing early continuous hemofiltration (started 7 h after inclusion in the early group) as compared with those receiving late CVVH (started 42 h after inclusion in the later group) [190] . In a cohort study in which data were analyzed according to the blood urea nitrogen (BUN) concentration at the start of dialysis, Liu et al. [191] reported that initiation of dialysis at a BUN of [76 mg/dL was associated with an increased mortality. In a meta-analysis of studies including the study reported by Liu et al., early initiation of dialysis may lower mortality according to the results of cohort studies, although the criteria for initiating dialysis was not clearly described [192] . However, there was no significant difference in the recovery of kidney function by the timing of the initiation of dialysis. Similar results were obtained in a recent cohort study [193] . In a large-scale cohort study of critically ill patients with severe AKI in whom RRT was initiated on the basis of BUN and SCr levels, there was no significant difference in mortality between patients undergoing early (BUN \67.76 mg/dL) and late (BUN C67.76 mg/dL) RRT, and late RRT was associated with a longer duration of RRT [194] . The mortality was significantly lower in patients undergoing late (SCr level [3.49 mg/dL) RRT than early (SCr level B3.49 mg/dL) RRT, but late RRT was also associated with a longer duration of RRT. In a cohort study of patients with AKI after major abdominal surgery who underwent early or late start of RRT defined by the simplified RIFLE classification, mortality was significantly lower in patients undergoing early RRT (RIFLE: 0 or Risk) than in those undergoing late RRT (RIFLE: Injury or Failure) [195] . In another study of patients with AKI after elective open-heart surgery, the incidence of major complications was significantly lower in patients with early RRT [196] . In summary, there is no evidence demonstrating the efficacy of RRT in patients with non-oliguric CIN. However, early RRT may decrease mortality and the incidence of major complications including kidney dysfunction in critically ill patients with oliguric CIN [192, 194] . The vital prognosis is poor for CKD patients who developed CIN.
Not applicable IVa
Patients undergoing peritoneal dialysis
The use of contrast media may be a risk factor for a decline of residual kidney function in patients undergoing peritoneal dialysis. Are risk scores useful as predictors of developing It is inappropriate to recommend the use of risk scores. The volume of contrast media should be the minimum necessary to obtain adequate radiographs.
CIN?
A II Low-and high-osmolar contrast media
The use of low-osmolar contrast media is recommended.*
Not applicable
Iso-and low-osmolar contrast media
There has been no definite conclusion as to the superiority of the two. Comparison among lowosmolar contrast media There has been no definite conclusion indicated that a particular contrast media is superior to the others. Intra-arterial vs. intravenous administration
The incidence of CIN tends to be higher in patients receiving contrast media intra-arterially than those receiving them intravenously. Sodium bicarbonate-based hydration may be better than physiological saline hydration. I
Short-term intravenous hydration
The incidence of CIN may be higher in patients receiving short-term intravenous hydration than in those receiving standard intravenous hydration.
C2 II
Fluid Therapy to Prevent CIN Physicians should consider adjusting fluid volume for patients in whom fluid therapy may cause heart failure.
See Tables 15 and 16 . A given treatment or procedure is suggested based on scientific evidence. Grade C1: A given treatment or procedure may (/might) be considered although scientific evidence is not available. Grade C2: A given treatment or procedure may (/might) be not considered because scientific evidence is not available. Grade D:
A given treatment or procedure is not recommended because scientific evidence indicating the inefficacy or harm of the treatment/procedure is available.
1. Administer physiological saline intravenously at 1 mg/kg/h 6 hours before and 6~12 hours after the contrast examination. 2. Administer sodium bicarbonate solution (1.26%, 152 mEq/L) at 3 mL/kg/h for 1 hour before and at 1 mL/kg/h for 46 hours after the contrast examination. 
